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To assess the long-term prognostic significance of total ischemic
time (silent plus painful ischemia) and silent ischemia in patients
with unstable angina whose condition stabilized with medical
treatment, 76 patients were studied . All patients underwent
Halter ambulatory electrocardiographic (ECG) monitoring for
X48 It beginning within the 1st 12 h of the hospital stay .
Forty-three patients (Group AI had a total ischemic time >--60 min,
whereas 33 patients (Group B) had a total ischemic time <60 min .
More than 78% of the ischemic episodes in patients in Group A
and 62% of those in Group B were silent (p < 0.05)
: nine patients
in Group A and six in Group B had only silent episodes . Patients
in Group A frequently showed three-vessel disease (65% vs . 19%,
p < 0.01), angiographic findings of subtotal occlusion of the
coronary arteries ITIMI grade 1) (76 .7% vs . 42.4%, p < 0,01) and
ischemic alterations in the rest ECG 151 .2% vs .30.3%, p < 0.05).
During a &year follow-up period, 15 patients in Group A and
8 in Group B experienced myocardial infarction (p < 0 .05) ;
The presence of episodes of silent myocardial is ischemia is
well recognized in patients with unstable angina (1-3) . al-
though their prognostic significance is still under debate .
Some studies
(1-3) found that patients with unstable angina
who have silent ischemia during the initial hospital period
have a poor clinical outcome both early and at 2 years . These
findings, which suggest that silent ischemia may be a sepa-
rate ischemic syndrome, are in contrast to a large body of
evidence showing that the presence of pain is only a marker
of ischemia and does not depend on its cause . Silent isch-
emia has in fact been recorded in patients with stable (4-9),
unstable (1-3) and variant (10-12) angina, in those with
syndrome X (13) and in those with myocardial infarction
(14-16) .
As Gottlieb et al . (1) reported, patients with a longer total
ischemic time during ambulatory Holier eiectrocardio-
graphic (ECG) monitoring had a worse prognosis : the ques-
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9 patients in Group A and 4 in Group B required coronary artery
surgery (p < 0
.05) and 10 patients in Group A a d 4 in Group B
died of cardiac causes (p < 0 .01)
. Multivariate analysis showed
three-vessel disease
m he the mns1 important predictor of cardiac
mortality and morbidity (p = 0 .025); it was followed in predictive
power by a total ischemic time w60 min and by left ventricatar
dysfunction . The presence of silent ischemia was not shown to be
an independent predictor of bug-term morbidity and mortality .
In conclusion, patients with unstable angina and a total
ischemic time >60 min frequently have silent ischemic episodes on
Holler ECG monitoring, a greater extent of coronary at eroscle-
rosis and ischemic alterations of the rest ECG
. The bag-term
prognosis of patients with rasfable angina whose condition staid.
lines with medical treatment depends on the extent of coronary
atherosclerosis and on the longer duration of total iischemic time
but not on the presence of silent iochenda .
U
Am Coll Cordial 1992;19:1173-9)
Lion therefore arises, Is silent ischemia itself or, rather, the
total ischemic time an independent risk factor? Also unan-
swered is the question, Are silent ischemia and total isch-
emic time prognostic predictors independent of the clinical
variables, rest ECG, exercise capacity and left ventricular
function in patients whose condition stabilizes under medical
therapy? We addressed these questions in a study carried
out in 145 patients who were followed up for an average
of 6
years after admission to our unit with unstable angina .
Methods
Study patients. T : : study group comprised 145 consecu-
tive
patients (mean age 56 t (2 years, range 42 to 64) with a
clinical diagnosis of unstable angina who were admitted to
our coronary care unit between January 1984 and September
1985 .
Tire entry criteria of rise study
mere as folios's
: I) cre-
scendo angina (more frequent, severe, longer in duration
or precipitated by distinctly less effort than previously),
21 angina at rest with documented ECG changes (ST segment
horizontal or downward depression or elevation >1 mm at
0.08 s from !he J point) during angina, or 3) both . Patients
>75 years old or those with significant rest abnormalities of
the ST segment that would interfere with the interpretation
6735-1cs792i55.rrt
1174
	
ROMEO ET AL .
SILENT ISCHEMIA IN UNSTAa1 .E ANGINA
of ST segment changes on Hotter ECG monitoring, left
bundle branch block . second- or higher degree atrioventric-
ular block, left ventricular hypertrophy, symptomatic heart
failure, cerebrovascular disease, congenital heart disease as
previous history of cardiac surgery or patients who required
emergency coronary angioplasty or cardiac surgery were
excluded from the study . Patients whose Holler ECG mon-
itoring could not be begun <_12 It from admission to the
coronary care unit were also excluded .
S xtv-six patients were excluded from the study because
their symptoms could not be stabilized by medical therapy
and they required emergency coronary artery surgery (39
patients) or coronary angioplasty (27 patients) . Three pa-
tients died early during hospital stay and were excluded
because they did not complete the 48 h of Holler ECG
monitoring. The remaining 76 patients, who represent a
consecutive series of patients with unstable angina that was
stabilized with medical treatment
. after acute myocardial
infarction had been excluded, were entered in the study
.
Medical treatment was begun together with Hotter
ECG
monitoring as soon as the patients fulfilled the entry criteria
and were admitted to the study . All patients were treated
with nitrates, beta-adrenergic blocking agents, calcium chan-
nel antagonists and heparin or aspirin during the period of
admission and with nitrates, beta-blockers or calcium chan-
nel antagonists, or both, and aspirin during the follow-up .
Holler ECG monitoring. All patients underwent continu .
ous Holler ECG monitoring (Del Mar Avionics 4451 that was
begun <12 h after admission to the hospital . The Holier
recordings were performed by using the two leads that had
shown the most pronounced ischemic changes on the stan-
dard 12-lead
ECG during a painful episode . This procedure
was based on the assumption that further episodes of myo-
cardial ischemia, whether painful or not, would occur in the
same anatomic location as those that occurred earlier and
would therefore be detected equally well on the Halter
ECG
monitor (considering the limitation of the Holler technique in
detecting ischemic events regardless of their place of origin.
Patients were carefully instructed to press the event marker
button during angina and, when possible, to record in a diary
the time they pressed the button
. The Holler tapes were
replaced every 24 h to complete the 48 h of recording
.
The recordings were analyzed by Oro investigators
un-
aware of the
clinical data . The frequency response of these
recordings was between 0
.05 and 100 Hz and conformed to
the American Heart Association specifications for ST seg-
ment changes (17). A downward or horizontal depression or
>1 mm elevation of the ST segment from the baseline at
0
.08 s from the J point, gradually rising and lasting for ?60 s
was considered significant for transient myocardial isch-
emia
. The Holler ECG monitoring data were compared with
patient diaries or with the coronary care unit report to
evaluate whether the isehemic episodes were silent or symp-
tomatic . Total ischemic time was defined as the sum of the
duration of silent and symptomatic episodes of ischemia in
each patient .
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Coronary arteriography . All patients underwent left ven .
Iriculography and selective coronary angiography with the
Judkins technique within I week after hospital admission . A
stenosis ?70% reduction of the internal diameter of a major
coronary artery or, in the case of the left main coronary
artery, a narrowing ?50% was considered significant
. Left
ventricular function was evaluated from the 30° right anterior
oblique left ventriculogram, dividing the left ventricular
silhouette into six areas and scoring them from I to 4
according to the pattern of movement present (I = normal,
2 = hypokinetic, 3 = akinetic . 4 = dyskinetic) . Thus, global
ventricular function was scored as follows
: m6 = normal,
>6-9= moderately impaired and >9 = severely impaired .
Regardless of which procedure was performed first, the
elapsed time between Holler ECG monitoring and coronary
arteriography did not exceed I week .
Follow-up . After clinical stabilization. the 76 patients
whose symptoms stabilized under medical therapy were
followed up at 6-month intervals to ascertain their health
status over a mean follow-up period of 63 ± 8 .5 months
(range 72 to 51) . At each visit, a physical examination,
bicycle ergometer exercise test and echocardiogram were
obtained . Coronary artery surgery was performed during the
follow-up period if angina pectoris increased in seventy,
with the patient becoming symptomatically limited despite
medical therapy ; the decision was made by the physician
without knowledge of the Holier ECG monitoring results .
Descriptions of causes and circumstances of death were
obtained from relatives, physicians, hospital records and
coroner reports. Deaths were classified as cardiac and
noncardiac
. Sudden death was defined as death occurring
s6 It after previously witnessed normal health . The follow-
up was completed in all 76 patients . End points were
considered to be nonfatal myocardial infarction and death .
Data analysis. Statistical significance was tested by using
either the two-tailed paired Student t test (for continuous
variables) or the chi-square analysis (for discrete variables) ;
a univariate analysis (log rank test) was performed to test
clinical ECG and angiographic variables . A multivariate Cox
hazard model analysis was used to test the relative predic-
tive value of clinical
. ECG and angiographic variables
thought to be of prognostic significance . The clinical varia-
bles were age, gender, diabetes mellitus, hyperlipidemia,
hypertension, cigarette smoking and recurrence of chest
pain during the hospital stay. The ECG variables were
ischemic changes on a rest ECG (ST depression or elevation,
T wave inversion or pseudonormalization), ST segment
depression or elevation during painful episodes, global ST
segment changes, total ischemic time <60 min/day or
?60 min/day and the presence of silent myocardial ischemia .
The angiographic variables were the number of vessels with
an internal lumen stenosis ?70%, left main coronary artery
stenosis >_50% and left ventricular function evaluated as
mentioned previously. Multivariate analysis was used to
evaluate in a stepwise fashion the relative importance of
each variable in defining outcome . Kaplan-Meier actuarial
1ACC Vol . 19. No. 6
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Table 1. Baseline Characteristic of
76 Patients
1=1
relalive)
CAD = coronary artery disease : chat = cholesterol .
analyses were used to examine the time-dependent cumula-
tive probability of the outcomes (nonfatal cardiac events .
death) (IS) .
Results
During 3,406 h of continuous Holler ECG monitoring, at
least one episode of ST segment change was detected in all
patients
. The 76 patients were allocated into two groups :
Group A
. 43 patients with a total ischemic time 22360 mini
patient per day detected by Holler ECG monitoring, and
Group B, 33 patients with a total ischemic time <60 mint
patient per day
. Both groups were similar in age . gender and
history of smoking, diabetes, hyperlipidemia . previous myo-
cardial infarction and use of medication (Table 1) .
Patients in Group A had a total of 229 ischemic episodes
with a median duration of 23 min : >78% of the episodes of
myocardial ischemia were silent and nine of these patients
had only silent ischemic episodes . Patients in Group B had a
total of 137 ischemic episodes with a median duration of
18 min ; 62% of all the ischemic episodes were silent and six
patients had had only silent ischemia on Holler ECG moni-
toring (Table 2).
ECU . ischemic changes of the basal ECU 1>1 mm down-
ward or horizontal depression or elevation of the ST seg-
ment, pseudonormalization or inversion of the T wavdsl
recorded at the admission Holler ECG monitoring or during
the hospital stay were more frequently found in patient . with
a total ischemic time 260 min (Table 2) . The presence :f
ECG changes was frequently associated with a greater
extent of coronary atherosclerosis and angiographic findings
of subtotal occlusion of the ischemia-related artery with poor
anterograde flow .
Coronary anatomy
. Patients in Group A showed a signif-
icantly greater extent of coronary atherosclerosis ; in this
group, 3 patients had one-vessel disease, 12 had two-vessel
disease and 28 had three-vessel disease. Of the patients in
ROMEO ET AL .
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Table 2. Electrocardiographic IECG) and Hemodynamic Findings
in 76 Patients
CA, - coronary arteries : LV = lea venlrieular: TI = total ischemic lime .
Group B . 16 patients had one-vessel disease, II had two-
vessel disease and 6 had three-vessel disease . Thirty-three
patients in Group A and 14 in Group B showed angiographic
findings of subtotal occlusion of the vessel with poor antero-
grade flow (Thrombolysis in Myocardial Infarction [TIMI]
grade 1) lp < 0.01). Left ventricular function was similar in
the two groups of patients (Table 2) .
Fallow-up. During the &year follow-up. 15 patients in
Group A and 8 in Group B experienced myocardial infarc-
tion Ip < 0.05) and 9 patients in Group A and 4 in Group B
required coronary artery surgery for recurrent severe symp-
toms Ip < 0.05) . Fourteen patients died of cardiac causes ; 10
were in Group A, with higher total ischemic time (p < 0 .01).
Four of the deaths in Group A were sudden . whereas all of
the deaths in Group B were nonsudden (p < 0
.001).
Kaplan-Meier actuarial analysis of the cumulative strr-
viral showed a significantly worse prognosis in patients with
a greater duration of ischemia during Holler ECG monitoring
(Fig
. I) . Kaplan-Meier analysis also demonstrated that
among patients of both groups with only silent episodes,
those of Group A still had a worse prognosis . Comparison of
nonfatal cardiac events between the two groups by the
Kaplan-Meier analysis showed a significantly higher proba-
bility of failure of medical treatment in patients with a longer
duration of myocardial ischemia on Holler ECG monitoring
.
Multivariate analysis
. The Cox proportional hazard func-
tion analysis showed three-vessel disease to he the most
important predictor of cardiac mortality during the consid-
Group A
to =431
Gmup B
[a =11,
Male gender
31(72 .1411 '-3(69 .7'F1
Age (yr)
Mean 56 . 9 57 ± 6
Range 41-63 42-61
Diabetes 8lISO; 1 5115 .1`11
Hypercholeslerolemia a (18.6111 6,1821)
(chat <220
mgldl)
Hypeoriglyceridemia 9Ca911, 6II%2<11
(triglyceridemia
>170 m€411
Hypencnsion 419 .351) 319 .1 rl
Smokers 16 13727.) 17139.441
Family history of CAD 17 (39541 C (36.41,-
Group A
In = 43)
Group B
In = 33) p Value
Re,l ECG
Sr-l changes
"niter ECG monitoring
22151711 10130`3) <0.05
No. of episodes 229 137 <0.05
Mean Ti toy 1415113 47.5x6.9 <0 .01
Median duatioo of
episodes (Oslo)
23 18
Epirodeslperson per
day r- silont ischemia
67
4.3
Patients 31 23
Episodes 178 85 <0 .05
mimday 10909.8
42_72 <0 .05
Episode:day 6.3 4 .1 >0.05
Median duration of
episodes
No . of CA, narrowed < -W~
0 14
1 3(6.9r1 16(48.523 <0.01
12(27.7101 11133.110)
LV score
28165 .1911 6118291) <0.01
<6
16137 .2101 13 (39.4%)
>6s9 17139.571 13139
.4101
>Y 10123
.2911 7121
.21
%1
1 17
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Figure t . Survival curves of patients with total ischemic time
<60 min (lop line) or a60 min (lower line). Patients with a longer
duration of myocardial ischemia during ambulatory elecnocardio-
grphic monitoring had a significantly worre proennsis .
ered period of follow-up (p = 0,025) ; it was followed in
predictive power by the duration of myocardial ischemia on
Hotter ECG monitoring 0060 min/person per day (p = 0.04)
and by a left ventricular function score >9 (p = 0 .047) . After
excluding the number of diseased vessels, the total ischemic
time and the left ventricular score, the presence of ischemic
changes on the rest ECG was most significant predictor of
cardiac mortality (p = 0.05) . The presence of silent ischemia
on Holier ECG monitoring was not shown to be an indepen-
dent predictor of mortality in the study group.
Silent ischemia. To belt ;r evaluate the real importance of
silent ischemia detected by Hotter ECG monitoring in deter-
mining long-term prognosis in patients with unstable angina .
we divided the 76 patients into two groups for further
analysis . Fifty-four patients had at least one episode of silent
ischemia during Holler ECG monitoring (Group 1). whereas
22 patients had only symptomatic episodes (Group 2) . The
two groups were similar with regard to clinical, ECG and
angiographic variables. The mean total ischemic time was
86 t 8
.6 min/person per day in patients with silent ischemia
and 79 1 5 .4 miniperson per day in patients with sympto-
matic episodes (p = NS). During follow-up, 10 patients
(18 .5%) in Group I and 4 (18
.21/0 in Group 2 died of cardiac
causes . The incidence of myocardial infarction (16 patients,
29.6% vs . 7 patients. 31 .8%) and the need for coronary
artery surgery (9 patients, 16
.6% vs. 4 patients. 18 .2%) were
similar in the two patient groups
. Kaplan-Meier actuarial
analysis showed no significant differences in survival be-
tween the two groups (Fig . 2) .
Discussion
The present study is in agreement with previous studies
(1,3
.19-21) suggesting that silent ischemia is a common
occurrence in patients with unstable angina even in the
presence of medical therapy
. It also provides further confir
mation of the prognostic importance of the changes on the
rest ECG in patients with unstable angina and their correla-
to
>s
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Figure
2 . Survival curves of
patients with silent (top line) or
symptomatic (bottom line) myocardial ischemia during ambulatory
electrocardiographic monitoring . No difference was found in 6-year
survival .
lion with the greater extent of coronary atherosclerosis
(22-24). In addition, in accordance wish orevious studies of
silent ischemia in asymptomatic subjects and in patients with
chronic stable angina (25 .26), it shows that the prognosis of
patients with unstable angina is related to the extent of
coronary atherosclerosis, the amount of the total ischemic
time on Holler ECG monitoring and left ventricular function
but not to the presence of silent myocardial ischemia on
Holler ECG monitoring, as previously suggested by studies
in patients with either chronic stable angina or unstable
angina (1 .3 .19-21
.27-30).
Importance of ECG changes . The presence of ischemic
changes on the rest ECG in patients with unstable angina
seems to be related to the differences in the extent and
severity of myocardial isehemia in different myocardial
areas. Papapietro et al . (23), who examined the relation
between ECG changes during angina and coronary anatomy
in patients with unstable angina, found that the presence and
the magnitude of the ST segment shift are related to the
extent of the underlying coronary artery disease . We found
a significantly greater presence of ischemic ECG changes on
the rest ECG in patients with a longer duration of ischemia
detected by Holier ECG monitoring . These patients also
showed a greater extent of coronary atherosclerosis and
more frequently manifested subtotal occlusion of the dis-
eased vessel with poor anterograde flow, findings that can
easily explain the frequent presence of these ECG changes .
Myocardial ischemia on Holler ECG monitoring
. Nu-
merous studies of Holler ECG monitoring (6,31-33) have
documented that a large number of episodes of myocardial
ischemia are clinically silent, but what causes the absence of
pain during these episodes is still unclear. Whereas previous
investigators (1-3
.19-21) found transient episodes of myo-
cardial ischemia in only a limited percent of patients with
unstable angina who underwent Holier ECG monitoring
during the first days of hospital admission, we found at least
one episode of transient myocardial ischemia in all of our
patients. Our patients were selected because of crescendo or
JACC Vol. 19. No. 6
May 1992:1173-9
rest angina . and ECG changes during pain were required for
inclusion in the study
. This may explain the difference
between our study and previous studies in which only pain
without ECG correlates or only angina at rest was the entry
criterion .
The presence of silent ischemia in our patients was
evaluated in relation to all of the episodes of myocardial
ischemia . A sign cantly higher percent of patients with
silent ischemia, a greater number of silent episodes and a
longer duration of silent myocardial ischemia were found in
the group of patients with a total ischemic lime ?60 min .
Patients with a longer total ischemic time showed more
extensive coronary artery disease and frequent findings of
subtotal occlusion of the ischemia-related artery with poor
anterograde flow. Further, a significant correlation was
found between the presence of ischemic changes on the rest
ECO and both the extent of coronary atherosclerosis and the
TIMI grade of coronary flow . This evidence suggests that the
longer duration of myocardial ischemia on Holier ECG
monitoring and the presence of ischecc c alteration of the ST
segment on the rest ECG indicate a critical situation of
myocardial perfusion at rest.
Long-term prognosis. Previous reports 120.211 evaluated
the importance of ischemic changes on Holler ECG moni-
toring in patients with unstable angina during a relatively
short follow-up period
. Our study reports the long-term
(6 year) follow-up of a cohort of patients with unstable
angina whose condition was stabilized with medical
therapy.
Gottlieb et al . (1 .21) reported that among 70 patients with
unstable angina, 16% of patients with silent ischemia had a
subsequent myocardial infarction and 27% required surgical
revascularization ; those figures were 3% and 9% . respec-
tively, for the group without silent ischemia . In this as in
other studies of silent ischemia in patients with unstable
angina (1-3,19-21), there were some patients without silent
myocardial ischemia who had no myocardial ischemia at all .
We believe that this approach created a great deal of
misunderstanding with regard to the importance of silent
myocardial ischemia .
During the 6-year follow-up period, we found a signifi-
cantly worse long-term prognosis for the occurrence of
infarction, the need for revascularization and the occurrence
of death in patients with a longer duration of myocardial
ischemia on Holier ECG monitoring . We also found a
significantly worse prognosis in patients with a longer dura-
tion of total ischemic time, even when we compared patients
with only silent ischemia
. These findings seem to indicate
that it is the overall duration of myocardial ischemia and not
the absence of pain that determines the long-term prognosis
of patients with unstable angina. In the great majority of our
patients, the adverse clinical outcome occurred within the
first years after hospital stay, and this observation is consis-
tent with the observations of Raflembeul et al . (34), who
found a small progression of coronary atherosclerosis after
stabilization of unstable angina
.
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Multivariate analysis showed that the prognosis
of pa-
tients with unstable angina is dependent on the extent of
coronary atherosclerosis, the duration of myocardial isch-
emia on Holler monitoring and left ventricular function
but not on the presence of silent ischemia . These findings
;ndeed agree with the observation of Johnson et al . (2).
who
found that the ST segment alterations during Heifer ECG
monitoring iu
hospitalized patients with unable angina
were specific predictors of poor prognosis
. These investiga-
tors did not make any distinction between silent and symp-
tomatic myocardial ischemia ; their findings represent. i n our
view, further evidence of the importance of total ischemic
lime in determining prognosis in patients with unstable
angina .
To evaluate more accurately the impact of silent ischemia
on long-term prognosis in patients with unstable angina, we
compared patients with at least one episode of silent myo-
cardial ischemia and patients with only symptomatic epi-
sodes . Even when comparing patients with silent or painless
ischemia with symptomatic patients we did not find any
difference in survival or in occurrence of cardiac events
during tong-term follow-up period . This similarity in prog-
nostic import is probably caused by the similarity in duration
of total ischemic time and extent of coronary artery disease .
This is further proof that silent ischemia by itself is of lesser
importance in determining prognosis in patients with unsta-
ble angina
.
Sudden death. Although sudden death is intimately re-
lated to coronary artery d isease . it is difficult to document a
link between myocardial ischemia and sudden death . Davies
and Thomas (31) deme.1strsted a correlation between sudden
death and the mechanisms underlying myocardial infarction
and unstable angina, such as atherosclerotic plaque fissur-
ing, coronary mural thrombi and microinfarctions .
In our study, the incidence of sudden death during
follow-up was significantly higher in patients with a longer
duration of myocardial ischemia on Hotter ECG monitoring .
No difference in incidence of sudden death was found when
patients with silent ischemia were compared with patients
with only symptomatic episodes. These findings suggest the
importance of dynamic episodes of subtotal occlusion under-
lying the instability of patients with unstable angina (36-43)
and the incidence of sudden death and further diminish the
importance of silent ischemia alone in determining sudden
death in these patients .
Limitations. Limitations of the present study include
clarification of whether an episode of ischemia was consid-
ered painful or silent and the absence of availabie data from
an exercise test that could have added more powerful
prognostic information . The coronary care unit staff and the
patients were carefully instructed to record episodes of chest
pain, but it is possible that some painful episodes were not
identified because they were riot recorded . Al the time of the
design of the study . unstable angina was a major contrain-
dication to an exercise test during early hospital admission
.
Toe decision to exclude from the study patients who
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underwent coronary artery surgery or coronary angiopIasty
was made to evaluate the long-term prognostic imprnrlanee
of the ischemic changes an Holler
ECG monitoring in
patients with unstable angina that was stabilized with med-
ical therapy.
Conclusions. Our data suggest that in patients with un-
stable angina, the long-term prognosis is related to the
greater extant of coronary atherosclerosis, the longer dura-
lion of myocardial itchemia on Holier ECG manitenirg and
left ventricular funct on in the absence of data available from
an exercise test. Silent ischemin in these patients is a
common occnrreace, even in the presence of medical ther-
apy, indicating a critical situation of myocardial perfusion at
rest
. Conversely, as previously suggested, silent ischemia
does not seem to be an independent predictor of prognosis in
these patients. Indeed, its presence is more likely to depend
on the greater rims ant of total ischemic time as defined by
Holter ECG monitoring.
We dedicate this manuscup1 to our late, unforgellabk teacher Allilm Rtale,
MD; we thank S. Ben Freedman, MD and Cilipro Crea, MD for their
encouragement and advice during the preparation of this manuscript .
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